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Description 

FIELD OF THE INVENTION 

[0001] The invaitkjn relates to a method of feeding 
fire-retardant medium from a first side of a wall shell 
Structure to a second side thereof, the method compris- 
Irg; positioning a rescue boom adjacent the first side of 
the wall structure; piercing the wall structure by punch- 
ing by a rapid longitudinal movement at least a portion 
of an elongated plerdng tool provided on the rescue 
boom from the iirst side of the wall structure to the sec- 
ond side thereof by operating an actuator provided in 
operative engagement with the piercing tool; maintain- 
ing the boom substanh'^ly stationary during the piercing 
step; and feeding Itie fire-retardant medium through at 
least one longitudinal channel provided in the piercing 
tool and through at least one nozzle connected to the 
channel to the second side of the wall structure. 
[0002] The invention also rei^s to a rescue boom 
comprising: a movable boom, which comprises a prox- 
imal first end, which is connectable to a earner, and a 
distal second end; at least one piercing tool disposed 
adjacent the second end of the boom, the piercing tool 
being an elongated member having at least one longi- 
tudinal channel, the position of the piercing tool with re- 
speca to the second end of the boom being adjustable; 
at least one feed channel for feeding fire-retardant me- 
dium into the channel of the pieicmg tool; al least one 
nozzle, which is connected to the longitudinal channel 
of the piercing tool and through which the fire-retardant 
medium Is an-angad to be fed; and at least one actuator 
for moving the piercing tool in its longitudinal direction 
with respect to the second end of the boom, 
[0003] The invention further relates to the piercing de- 
w:e comprising: at least one piercing tool, which is an 
elongated member comprising at least one tongitudinal 
channel; at least one feed channel for feeding fire-re- 
tardant medium into the channel of the piercing tool; at 
least one nozzle, which is connected to the channel of 
the piercing tool and through which the fire-retardant 
medium is arranged to be fed; at least one actuator for 
moving the piercing tool in its longitudinal direction. 

BACKGROUND OF THE INVENTION 

[0OO4] In fire fighting, it Is very important to start fire- 
fighting measures promptly before the fire expands so 
that it cannot be controlled. In the case of an air crash, 
for example, the fire should be brought under control 
within the first few minutes from the onset of fire. In that 
case the fire-fighting equipment should be broughttothe 
scene as fast as possible and the fire-retardant medium 
has to be quicl<iy fed inside the object on fire without 
having to break down the structures. Thus rescue 
booms have been devised that are placed on a movable 
canrier end provided with a piercing tool, which can be 
pushed through the w^l structure of the object on fire. 



The piercing tool with a sharp point pierces the body 
structures of vehicles and the like relatively easily, After 
piercing, fire-retardant medium can be fed directly into 
the object on fire, in the existing apparatuses piercing 
5 is carried out by moving the boom parts with respect to 
their joints or by extending telescopic boom parts. A 
problem associated with taking the piercing tool through 
the wall structure using conventional boom movements 
is that it is difficult for the user to control the boom to 
f achieve the necessary piercing movement. Further- 
more, the user does not sense the movements of the 
boom, for which reason he does not notice if forces are 
directed to the piercing tool that could damage it. 
[0005] Prior art solutions are described in the fellow- 
's ing publications: US5211 245, US6301 756, US5 788 
15a and US 5 839 664. 

BRIEF DESCRIPTION OFT>1E INVENTION 

SO [0006] Theobjectoftheprssentinventionistoprovlde 
a new and impravod anangementfor taking a pierdng 
tool used In fire fighting through a wall shell structure. 
[0007] The method of the invention is characterized 
by punching the piercing tool through the wall structure 

25 by spring force. 

[0008] The rescue boom according to the invention is 
characterized in that the actuator comprises at least one 
Springforproviding a longitudinal impact by the piercing 
tool. 

so [0009] The piercing device of the invention is charac- 
terized in that the actuator comprises at least one spring 
member for providing a longitudinal impact by the pierc- 
ing tool. 

[0010] The basic idea of the invention is that the out- 

35 ermost end of the boom is provided with at least one 
piercing device, which comprises at least one elongated 
piercing tool. Furthermore, the piercing device includes 
an actuator for generating a longitudinal movement In 
the piercing tool for taking the tool through the wall shell 

40 structure that confines the fire without moving the boom. 
The actuator comprises at least one spring member for 
punching the piercing tool through the wall shell struc- 
ture by a quick longitudinal movement. 
[001 1 ] An advantage of the invention is that the actual 

*s piercing is carried out by a s^arata actuator without 
moving the boom. Thereifore, it Is considerably easier 
and faster to cany out piercing than by mewing a long 
boom. Furthermore, damage to the piercing tool can be 
avoided. Since the tool is punched through the wall 

so structure, the forces needed in piercing are relatively 
small. 

[0012] The basic idea of an embodiment according to 
the invention is that the front end of the piercing device 
is provided with a plunger, which is pressed by a pre- 
ss detemnined force against the wall structure before pierc- 
ing. This allows to avoid yielding of the wail structure 
due to the piercingforces. Furthemiore, the plunger may 
locally defomn the place to be pierced, which also fadl- 
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itatss the piercing. 

BRJEF DESCRIPTION OF THE FIGURES 

[0013] The Invention will be described In greater detail 
in the accompanying drawings, in which 

Figjre 1 schennatically illustrates a rescue vetilcle 
equipped with a piercing device according to the in- 
vention, 

Figure 2 Is a schematic side view of the outermost 
end of a rescue boom according to the Invention, 
Figure 3 is a schematic top view of the outermost 
end of the rescue boom shown In Figure 2, 
Figures 4 to 6 are schematic sectional views of a 
piercing device according to the invention In differ- 
ent situations, 

Figure 7 is a schematic and eectiond view of anoth- 
er piercing device according to tfie invention, 
Figure 8 is a schematic and sectional view of the 
structure of the end of a pieidng tool, and 
Figures 9 and 10 schematically Illustrate arrange- 
ments for positioning the piercing device of the in- 
vention with respect to the wall structure to be 
pierced. 

[0014] Forthe seke of clarity, the figures illustrate the 
invention In a simplified manner. In the figures, like ref- 
erence nirmbers refer to like elements. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] Figure 1 shows a rescue vehicle f, which com- 
prises an independently movable carrier 2, which may 
be an appropriate vehicle, e.g. an all-tenrain vehicle sim- 
ilar to the one shown in Figure. Alternatively, the mova- 
ble carrier may be a trailer or a ship^ On the carrier 2 
there is a rescue txiom 3, which comprfses at least one 
boom part, which can be moved with respect to the car- 
rier 2. in the solution shown in Figure 1 , the boom 3 is 
arranged behind the control cabin 4. The boom 3 in- 
cludes a first boom part 5a, whosef Irst end is connected 
to the carrier 2 so that the boom part 5a can be rotated 
about a vertical axis V. Furthemiore, a horizontal joint 
H1 enables lifting and lowering of the second, i.e. the 
outsnnost, end of the boom part&a. Asecond boon part 
5b Is connected to the outermost end of the first boom 
part Sa. The outermost end of the second boom part can 
be lifted and lowered with respect to a horizontal joint 
H2 between the first boom part 5a and the second boom 
part 5b. The boom parts 5a, 5b may be moved e.g. by 
pressure medium cylinders and motors or In another 
manner known per se. For the sake of clarity, the actu- 
ators needed to movetheboom are not shown In Figure 
1 . The outemost end of tfie boom 3 comprises a pierc- 
ing device 6, whii^ kicludesan elongated sharp-pointed 
piercing tool 7 and means for punching the piercing tool 
7 from the side of the first surface 8a of the wall structure 



8 to the side of its second surface 8b. The carrier 2 is 
further provided with a container 9, which Includes fire- 
retardant medium. Fire-retardant medium is pumped by 
a pump along a feed channel 11 to the piercing device 
s 6. ThefeedchannelH is connectedto the piercing tool 
7, which Is provided with one or more longitudinal chan- 
nels that can be used for feeding the f Ire-retardant me- 
dium to one or more nozzles of the piercing tool 7. The 
outennost end of the piercing tool 7 may be provided 
*o with one or more nozzles. The nozzles are an-anged so 
ae to achieve the desired spray pattern. 
[0016] In the situation shown In Figure 1 the carrier2 
has been driven next to a fuselage, after which the pierc- 
ing device 6 has been brought against the outer surface 
« Saoftheftjselage by moving the boom 3. Then the boom 
3 is kept stationary and the piercing is carried out by 
punching the piercing tool 7 through the wail shell struc- 
ture 8 of the fuselage. After this, fire-retardant medium 
Is fed Into the space 8b defined by the wall structiire B 
20 using the piercing tool 7. If necessary, the wall structure 
8 Is pierced several times. That Is to say, that when the 
piercing of the wall structure Is Insufficient, the plerdng 
tool may be punched several times until the proper 
piercing is achieved. The fire-retardant medium may be 
^5 water, mist consisting of water and gas, fire foam, fire- 
fighting chemteal, flre-flgming gas or anoBier suitable 
solid, liquid or gaseous substance or a mixture thereof. 
After a necessary amount of fire-retardant medium has 
been fed, the piercing tool 7 is pulled out of the wall 
so structure 8 by means of the piercing device 6, after 
which the piercing device 6 can be taken to a new loca- 
tion by moving the boom 3, and the piercing and the 
feeding of fire-retardant medium can be performed 
again. To avoid damage to the piercing tool 7, the boom 
35 3 may be prevented from moving during the piercing. 
[0017] Figure 2 Illustrates the structure of the outer- 
most end of a rescue boom 3. The boom 3 comprises 
means for adjusting the position of the piercing device 
6 with respect to the boom 3. The means may comprise 
40 one or more Joints 12, 1 3 witti respect to which the pierc- 
ing device 6 may be moved by suitable actuators so that 
the longitudinal axis of the piercing too 1 7 Is substantially 
perpaidlcularto the outer surface Ba of the wall struc- 
ture B to be pierced. In that case it is not necessary to 
*s position the boom 3 accurately, but positioning can be 
performed quickly and easily by adjusting the position 
of the pieman g device 6 with respect to the boom 3 end. 
By positioning the piercing tool 7 substantially petpen- 
dlculariy to the outer surface 8a of the wall structure 8, 
50 cross-directional loads on the piercing tool 7 can be 
avoided. Furthemiore, the piercing is effective since the 
piercing force is directed prapendicularly to the surface 
Baofthewalistmcture. FiguresSand 10 illustrate some 
an-angements for adjusting the position between the 
55 piercing device 6 and the wall structu re 8 to be pierced. 
[0018] As further appears from Figure 2, the outer- 
most end of the boom 3 may be providad, In addition to 
the piercing dewce 6, with one or more lights 14, video 
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cameras or thermographic cameras 15 and different 
sensors 1 7, e.g. temperature sensors. Furthermore, the 
outennost end of the boom 3 may comprise one or more 
non-piercing nozzles leforfeedingfire-retardant medi- 
um. The nozzle 1 6 and its support structure 18 may be 5 
arranged to turn together with the piercing device 6 with 
respect to the joint 12. In addition, the nozzle 16 maybe 
^ranged to turn by means of a Joint 1 9 with respect to 
the support structure 18, in which case it can be turned 
sideways independently, as appears from Figure 3. The io 
fire-retardant medium is supplied from the carrier 2 
along a feed channei 20 to the nozzle 1 6, For the sake 
of clarity, Figure 3 does not show the auxiliary devices 
illustrated In Figure 2. 

[0019] Figure 4 illustrates a piercing device 6 at a 
standstill where the piercing tool 7 is inside a casing 30. 
In the front of the piercing device 6 there Is a plunger 
24, whlc^ Is pressed against the wall stmcture 8 to be 
pierced by moving the boom 3 in direcHon A. The plung- 
er 24 may comprise pins 31 which are influenced by so 
springs 25 and whose movement Is detected by a de- 
tector 32. Alternatively, the plunger24 comprises a com- 
pressible pressure space whidi contains pressure me- 
dium and whose pressure Is monitored by a sensor An 
actuator 33 belonging to the piercing device 6 is not 25 
charged until the sensor 32 detects that the piercing de- 
vice 6 Is pressed against the wall structure 8 by a pre- 
detonmined force. Since charging and discharging re- 
quire that a certain force act on the pi unger 24, the pierc- 
ing device 6 is safe to use. In addition, information can so 
be transmitted from the detector 32 to the control unit of 
the device, which may prevent the boom 3 from moving 
after the plunger 24 has been pressed against the wall 
structure 8 by a pre-determined force. The actuator 33 
comprises one or more spring members 34, e.g. coil 35 
springs, which are arranged to act on a cradle 36 by 
means of a push plate. The cradle 36 is connected to 
the piercing tool 7 and ananged to be moved by a pres- 
sure medium cylinder 38 using chains 37a and 37b or 
simi lar power transmission means . The cylinder 38 may 'to 
be driven by pressure fluid or pressurized gas. TTie cyl- 
inder 38 Is provided witti idler wheels 39 and 40, around 
which the chains 37a and 37b are arranged. The first 
ends of the diains 37a and 37b are connected to the 
cradle 38 and their second ends are connected Immov- 45 
ably to the frame of ttie piercing device 6. This structure 
enables generation of the necessary charging move- 
ment by a short movement of the cylinder 38. 
[0020] When Hie plunger 24 is pressed against the 
wall structure 8 as shown In Figure 5, pressure medium so 
is supplied to the first pressure space 41 of the cylinder 
38 and thus the cylinder38 moves to the left, in direction 
B. In that case the chain 37a draws the cradle 36 to the 
left, and thus the cradle 36 presses the springs 34 to- 
gether by means of the push plats 35, thus charging the 55 
actuaitor 33 for the Impact. The amount of the impact 
energy can be adjusted by varying the number and prop- 
erties of the springs 34 as well as the fact how much the 
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springs 34 are compressed. Compression of the springs 
34 can be monitored by a detector 42. When the desired 
compression has been achieved, a connection is 
opened from the pressure space 41 of the cylinder to a 
discharge channel. In which case the spring force push- 
es the cradle 36, the piercing tool 7 and the cylirdar 38 
towards the front of the piercing device 6 in direction C 
by a rapid impact-lll<e movement. This situation is Illus- 
trated in Figure 6. The sharp point of the piercing tool 7 
pierces the wall stmcture 8, allowing the tool 7 to pene- 
trate to the side of the second surface eb of the wall 
structure 8. 

[0021 ] If the piercing tool 7 does not for some reason 
pierce the wall structure 8 properly due to the impact, 
pressure medium can be fed to the second pressure 
space 43 of the cylinder38 and the cylinder 38 can press 
the piercing tool 7 in direction C. After the piercing has 
been carried out and the fire-retardant medium has 
been fed, pressure medium Is supplied to the first pres- 
sure space 41 of the c^lnderSB, in which case the cyt- 
rnder 38 draws the plerdng tool 7 back inside the casing 
30 of the piercing device 6. 

[0022] Figure 7 Illustrates a piercing device 6 where 
the piercing tool 7 Is moved by an actuator 33 driven by 
pressure medium. The actuator may be a hydraulic or a 
pressure medium cylinder 44, whose piston rod 45 is 
connected to the pierdng tool 7 by means of a pusher 
48. The actuator 33 can be driven by supplying a high 
and sudden pressure medium flow f ram a pressure ac- 
cumulalor orthe like to the firstpressure space 47 of the 
cylinder 44 and by directing a rapid rnpact-like move- 
ment to the piercing tool 7 In the longitudinal diretSlon. 
Alternatively, the tool 7 can be pressed th rough the wall 
structure 8 by means of the cylinder 44 using a lower 
speed. There Is a detector 32 at the front of the piercing 
device 6 for detecting the position between the wall 
structure s and the plerdng device 6. 
[0023] In addition to the solutions described above, 
the piercing tool 7 can also be moved by an electric ac- 
tuator 33, such as a solenoid. Furthermore, the piercing 
too! 7 can be moved e.g. by a combination of a pressure 
operated or an electric motor and mechanfcal power 
transmission means. In addition, the Impact energy for 
punching the piercing tool 7 through the wall structure 
8 can in some cases be generated by a pynotechnlcal 
actuator 33. 

[0024] Figure 8 illustrates part of a plerdng tool 7. The 
tool 7 comprises a longitudinal rod 48 provided with at 
least one channel 49 for feeding fire-retardant medium. 
The point of the piercing tool 7 may be provided with a 
detachable nozzle section 50, which can be replaced If 
It wears out. Different nozzle sections 50 where the 
number and direction of the nozzles 51 are different can 
also be produced. A desired spray pattern is achieved 
by changing the nozzle section 50. It Is also feasible that 
the longitudinal channel 49 provided In the piercing tool 
7 does not extend up to the point of the piercing tool 7 
but a nozzle or nozzles are arranged In the rod 48 of the 
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pierang tool 7 close to Its free end. as illusErated in Fig- 
ure 7. At its simplest the nozzle 51 may be a bore ex- 
tending from the channel 49 to the outer surface of the 
tool 7. 

[0025] Furthermore, the piercing device 6 may com- 
prise suitable attachment members by means of which 
It can be easily attached to and detached from different 
booms 3i Thus the piercing device 8 may be fixed to the 
boom 3 or It may be an auxiliary device, which can be 
an-anged in the boom 3 when necessary, 
[0026] Rgure 9 illustrates a piercing device 6, which 
comprises at least two bars 21 extending a certain dis- 
tance to the front of the piercing device 6. The bars 21 
are connected to sensors 22, from which infomnatlon is 
transmitted to the control unit of the apparatus. When 
the boom 3 Is moved towards the wall structure 8 to be 
pierced, Hie bars 21 are first pressed against the wall 
structures. If the shaft of the piercing tool 7 is not sub- 
stantially perpendicular to the wall structure 8, the bars 
21 are not pressed evenly against the wall structure 8, 
which is detected by the sensors 22. An en-oneous an- 
gular position can be corrected by fuming the piercing 
device 6 with respect to the boom 3 end by joints 12 and 
13. The control system may be arranged to automaO- 
cally keep the piercing device 6 in the con-acd position 
to the wall starcture 8, in which case It Is easy for the 
user to bring the piercing device 6 in the correct pos ition 
by moving the bocan S. 

[0027] in Figure 10 ttie position between the piercing 
device 6 and the wall structure 8 Is monitored by two or 
more proximity sensors 23. Tlie proximity sensors 23 
may be ultrasound trananitters/recelvers, inductive 
sensors or other appropriate detectors, for instance. 
[0028] The solution accori^ng to the invention may be 
spiled In rescue operations involving various veiiicles, 
such as aircraft, railway rolling stnclc, watercraft and 
road transport vehicles. The wall structures of vehicles 
usually comprise a relatively thin metal or composite 
shell, which can be pierced relatlveiyeasKy by punching 
the piercing tool through the wall stmcture. The Inven- ■ 
tion can also be used in fire fighting in various buildings 
since the piercing tool can be punched through most 
wall and roof structures. Th e piercing tool easily pierces 
at least wooden structures of buildings and metal-sheet- 
ed warehouses and industrial premises as well as tin, ' 
felt and tile roofs. Furthemiore, the piercing tool can 
break or pierce the window of a building or vehide. The 
Invention is also applicable in piercing of various tanks, 
containers and the like. 

[0029] The piercing tool may also t>e brought ttirough < 
only one shell structure of a wall, in which case fire-re- 
tardant medium can be fed inside the wall structure. 
[0030] The drawings and the related description are 
only intended to Illustrate the inventive concept. The de- 
tails of the invention may vary within the scope of the • 
claims. In some cases, one boom may be provided with 
several piercing devices of the invention. On the other 
liand, one piercing device may comprise several pierc- 



ing tools. In addition, the rescue boom of the Invention 
may be placed on a fixed base instead of a movable 
can-ier. 



A method of feeding fire-retardant medium from a 
first side of a wall shell stnicture to a second side 
thereof, the mettiod comprfsing: 

positioning a rescu e boom (3) adjacent the first 
side (8a) of the wall structune (8); 
piercing the wait stmcture (8) by punching by a 
rapid longitudinal movement at least a portion 
of an elongated piercing tool (7) provided on the 
rescue boom (3) from the first side (Sa) of the 
wall structure to the second side (8b) thereof 
by operating an actuator provided In operative 
engagement with the piercing tool (7); 
maintaining the boom (3) substantially station- 
ary during the piercing step; and 
feeding the fire-retardant medium through at 
least one longitudinal channel (49) provided In 
the pierrang tool (7) and through at least one 
nozzle (51) connected to the channel to the 
second side (8b) of the wall structure (8), 



purvching the piercing tool (7) through the wall 
structure (8) by spring force. 

2. The method according to claim 1 , characterized by 

punching the piercing tool (7) several succes- 
sive times by spring force. 

3. The method accordlngto claim 1 , characterized by 

pressing the piercing tool through the wall 
structure (8) by a pressure operated actuator pro- 
vkied on the boom (3) when the piercing of the wall 
1} by the spring force is Insufficient. 



4. The method according to any one of the preceding 
claims, characterized by 

engaging a plunger (24) provided on the 
boom (3) with the first skle (8a) of the wall structure 
to be pierced; end 

advancing the piercing tool (7) through the 
wall structure (8) only after the plunger (24) is en- 
gaged with the wall structure (8) by a pre-deter- 
mlned force. 

5. The method according to claim 4, charaeterlzed by 

preventing ttie boom (3)from moving after the 
plunger (24) has been moved against the wall stmc- 
ture (8) by a pre-determined force, 

6. The method according to any one of the preceding 
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cJaime, characterized by 

monitoring the position between the piercing 
tool (7) and the wall structure (8) by at least one 
detector (22, 23); and 

positioning the piercing tool (7) in a substan- s 
tialiy perpendicular position to the first side (Sa) of 
the wall staicture (8) before piercing the wall stmc- 
ture (8). 

7. A rescue boom comprising: io 

a movable boom (3), which comprises a proxi- 
mal first end, which is connectable to a canter 
(2), and a distal second end; 
at least one pierci ng tool (7) disposed adjacent « 
the second end of the boom (3), the piercing 
too! (7) being an elongated member having at 
least one longitudinal channel (49), the position 
of the piercing tool (7) with respect to the sec- 
ond end of the boom (3) being adjustable; so 
at [east one feed channel (11) for feeding flre- 
retardant medium into the channel (49) of the 
piercing tool (7); 

at least one nozzle (51), which is connected to 
the longitudinal channel (49) oflhe piercingtool 
(7) and through which the fire-retardant medi- 
um Is arranged to be fed; and 
at least one actuator for moving the piercing 
tool (7) fn its longitudinal direction witti respect 
to the second end of the boom (3), 30 



at least one piercing tool (7), which is an elon- 
gated member comprising at least one longitu- 
dinal channel (49); 

at least one feed channel (11) for feeding fire- 
retardant medium into the channel (49) of the 
piercingtool (7); 

at least one nozzle (51 ), which is connected to 
the channel (49) of the piercing tool (7) and 
through which the fire-retardant medium is ar- 
ranged to be fed; 

at least one actuator for moving the piercing 
tool In its longitudinal direction, 

characterized in that 

the actuator comprises at least one spring 
member (34) for providing a longitudinal Impact by 
the piercingtool (7). 



characterized In that 

the actuator comprises at least one spring 
(34) for providi ng a longitudinal impact by the pierc- 
ing tool (7). 35 

8. The rescue boom according to claim 7, character- 
ized in that 

the position of the piercing tool (7) with re- 
spect to the second end of the boom (3) is adjusts- 40 
ble via means for adjusting the angular position of 
the piercing tool (7) with respect to the second end 
of the boom (3). 

9. The rescue boom according to claim 7, character- « 
ized in that 

the position of th« piercing tool (7) with re- 
spect to the second end of the boom (3) is adjusta- 
ble via a plurality of joints. 

so 

10. The rescue boom according to claim 7, character- 
ized in that 

the boom (3) further comprising; at least one 
detector (32; 21 , 22; 23) arranged with the piercing 
tool (7) for monitoring the position between the ss 
piercing tool (7) and an object to be pierced. 



11. A piercing device comprising: 
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